Objective: This study aimed to identify optimal blood pressure cut-offs to diagnose orthostatic hypotension during a sit-to-stand manoeuvre.
INTRODUCTION
O rthostatic hypotension is defined as a sustained reduction of at least 20 mmHg SBP or 10 mmHg DBP within 3 min of standing or head-up tilt (HUT) from a supine position [1] . The presence of orthostatic hypotension has significant consequences that are still being understood; overall, it is associated with an increased risk of morbidity and mortality [2] [3] [4] [5] . Orthostatic hypotension can be caused by acute conditions, including hypovolemia, valvular heart disease and acute illness, as well as a host of chronic disorders, including diabetes, Parkinson's disease and multiple system atrophy [6] . The ability to identify orthostatic hypotension is useful in many clinical areas, including the emergency department, outpatient cardiology or neurology clinics, or inpatient units. Unfortunately, orthostatic blood pressure (BP) testing may be underutilized in day-to-day clinical practice due to the nature of testing manoeuvres.
A sit-to-stand test is a logistically simpler test that does not require a bed, allowing it to be easily performed in a clinic or an emergency department. A limitation of the sitto-stand manoeuvre is that the orthostatic BP drops that are elicited are smaller due to the reduced acute change in gravitational stress in comparison to that of the supine-tostanding or HUT testing [7] . Therefore, the consensus definition thresholds for orthostatic hypotension may underdiagnose orthostatic hypotension when a sit-to-stand test is used. To our knowledge, no studies have identified the ideal BP cut-point that may best detect orthostatic hypotension when a sit-to-stand manoeuvre is used.
Here, we studied patients and healthy volunteers with a wide range of change in orthostatic BP, in whom we obtained supine, seated and upright BPs. We used the standard diagnostic criteria of orthostatic hypotension on the basis of supine-to-standing BP change as the gold standard to
Participants
Individual data were obtained retrospectively from a database of patients and healthy individuals who presented to the Vanderbilt University Autonomic Dysfunction Centre. Individuals presented to the Vanderbilt Autonomic Dysfunction Centre for investigation and management of suspected autonomic nervous system disease, or for participation in research studies. All participating individuals who signed written informed consent prior to testing were eligible for inclusion in this study. Individuals were excluded if they did not have a complete set of orthostatic BP measurements in each position, if they completed a protocol that required standing BP measurements greater than 5 min in duration and did not record a 5-min value, or if key demographic characteristics were missing.
Protocols
Testing was performed on one occasion, either in the Vanderbilt Clinical Research Centre or in the Autonomic Clinic. Clinic participants were tested on the day of their clinic visit (usually in the morning). Individuals at the Clinical Research Center were tested around 0800 h after their first night sleeping at the Clinical Research Center. For the Clinical Research Centre individuals, medications that could alter autonomic tone or blood volume regulation were held for five half-lives prior to testing. At the clinic, medications were held on the day of testing. BP measurements were made by a nurse or trained cardiovascular technician. Participants underwent BP recordings by automated oscillometric sphygmomanometer attached to a patient care monitor, with a manual cuff as a backup. Recordings were made sequentially, first after the individual had been supine for at least 5 min, then while seated and then while standing at 1, 3, 5 and 10 min (as tolerated).
Data analysis
The drops in SBP and DBP were calculated from supine-tostanding and from sitting-to-standing. The 'gold-standard' diagnosis of orthostatic hypotension was made on the basis of a supine-to-standing SBP drop at least 20 mmHg or DBP drop at least 10 mmHg [1] . We performed two analyses comparing patients with SBP orthostatic hypotension or DBP orthostatic hypotension with those without orthostatic hypotension. We also performed two separate sensitivity analyses. In one analysis, we focused on only patients with severe drops in BP (defined as a SBP drop !40 mmHg or DBP drop !20 mmHg). In the second analysis, we focused only on the patients with less severe drops in BP (defined as a SBP drop <40 mmHg or DBP drop <20 mmHg). These patients were isolated and compared with the rest of the patient cohort.
Statistical analysis
We used receiver operator characteristic (ROC) curves to find the optimal diagnostic cut-point for the sit-to-stand test to best identify patients diagnosed with orthostatic hypotension per the supine-to-standing test. We calculated test performance (sensitivity, specificity, positive and negative predictive value, and positive and negative likelihood ratios) at the various BP cut-points. The Youden index (J) was calculated to identify the BP cut-point that optimized sensitivity and specificity [8] . This index is calculated as the sum of sensitivity and specificity minus one; the higher this value, the closer to optimal the sensitivity and specificity for a given cut-point. Unless reported otherwise, all values were reported as mean (standard error of the mean) or number (%). Differences in continuous variables between patients with and without orthostatic hypotension were assessed using Student's t-test for parametric data or Mann-Whitney U test for nonparametric data. The chisquare test was used for categorical variables. The level of statistical significance was set at P value less than 0.05. Analyses were performed using SPSS Version 22 (IBM Corporation, Armonk, New York, USA). Figures were produced using Adobe Illustrator CC (Adobe Systems Incorporated, San Jose, California, USA).
RESULTS
Suitable SBP recordings were available in 831 participants, while DBP recordings were available in 822 participants (Fig. 1 ). These individuals were over 90% white and over 60% from Tennessee and neighbouring states. Excluded for not meeting inclusion/exclusion criteria n = 168
Blood pressure change calculated for:
•Supine to standing (goldstandard)
•Sitting-to-standing (104). Healthy control individuals (47) and a small number of patients with various neurological or cardiac disorders made up the rest of the study cohort. A total of 381 (46%) individuals met either SBP or DBP criteria for orthostatic hypotension during the supine-tostanding test. Specifically, 354 (43%) patients had SBP orthostatic hypotension; 305 (37%) had DBP orthostatic hypotension; and 277 (34%) of these individuals met both criteria during testing. By comparison, during sit-to-stand testing, 347 (42%) individuals met either SBP or DBP orthostatic hypotension criteria. Two hundred and eighty-four (34%) patients had SBP orthostatic hypotension; 277 (33%) had DBP orthostatic hypotension; and 214 (26%) of these individuals met both criteria during testing. Table 1 illustrates individual characteristics comparing those who met the supine-to-standing SBP orthostatic hypotension with those who did not. Overall, a large proportion of individuals had underlying autonomic or neurological conditions. There were very few individuals with nonneurogenic forms of orthostatic hypotension in this cohort. There were significantly more individuals who met criteria for SBP orthostatic hypotension during the supine-to-standing test than during the sit-to-stand test when using the conventional 20-mmHg drop in each test (43% vs. 34%; P < 0.001; Table 2 ).
SBP analysis
In those with SBP orthostatic hypotension, the mean decline in SBP during the supine-to-standing test was 58.7 AE 1.5 mmHg, which was significantly larger than the decline during sit-to-stand testing (34.0 AE 0.9 mmHg; P < 0.001). In those without SBP orthostatic hypotension, SBP increased during supine-to-standing testing on average by 3.6 AE 0.6 mmHg; this was significantly different from sitto-stand testing (P < 0.001), which produced a small decline of 0.6 AE 0.6 mmHg on average.
The mean rise in heart rate during supine-to-standing test was 15.4 AE 0.7 beats per minute (BPM) in those with SBP orthostatic hypotension; this was significantly larger than the heart rate rise experienced during sit-to-stand (8.6 AE 0.6 BPM; P < 0.001). In contrast, in those without SBP orthostatic hypotension, the mean rise in heart rate during supine-to-standing test was 26.7 AE 0.9 BPM; this was again significantly larger than the heart rate rise experienced during sit-to-stand (18.6 AE 0.7 BPM; P < 0.001)
DBP analysis
Patient characteristics in individuals with and without DBP orthostatic hypotension are also summarized in Table 1 . There were also significantly more individuals who met criteria for DBP orthostatic hypotension during the supineto-standing test than during the sit-to-stand test using a 10-mmHg drop in each test (37% vs. 33%; P ¼ 0.005; Table 2 ). 
OH, orthostatic hypotension; SD, standard deviation.
Sit-to-stand orthostatic hypotension
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In those with DBP orthostatic hypotension, the mean decline in DBP during the supine-to-standing test was 28.4 AE 0.8 mmHg, which was significantly larger than the decline during sit-to-stand testing (18.5 AE 0.7 mmHg; P < 0.001). In those without DBP orthostatic hypotension, the DBP increased during supine-to-standing testing on average by 6.0 AE 0.4 mmHg; this was significantly different from sit-to-stand testing (P < 0.001), which increased by 2.3 AE 0.4 mmHg on average. Table 3 illustrates test characteristics for the sit-to-stand manoeuvre at the conventional cut-points for orthostatic hypotension (20-mmHg SBP drop, 10-mmHg DBP drop), as well as smaller cut-points around these values. At the conventional SBP orthostatic hypotension cut-point of a 20-mmHg drop, we found a sensitivity of 72.3%, specificity of 94.1%, positive predictive value of 90.1% and a negative predictive value of 82.1% for sit-to-stand. For a DBP drop of 10 mmHg, we found a sensitivity of 80.3%, specificity of 93.8%, positive predictive value of 88.4% and a negative predictive value of 89.0% for sit-to-stand. The Youden index (J) was highest for a SBP drop cut-point of 15 mmHg (J ¼ 0.691), and a DBP drop cut-point of 7 mmHg (J ¼ 0.744).
ROC curve analysis

Sensitivity analysis
Two sensitivity analyses were performed. The first analysis included only patients with severe drops in SBP (!40 mmHg) or DBP (!20 mmHg). This cohort comprised 268 (32%) patients with orthostatic hypotension.
In the subset of patients with severe drops in SBP or DBP, ROC curves for SBP and DBP were highly significant [SBP AUC ¼ 0.881 (95% confidence interval: 0.779-0.983), P < 0.001; DBP AUC ¼ 0.920 (95% confidence interval: 0.884-0.956), P < 0.001]. The Youden index was optimized for a SBP cut-off of 20 mmHg and a DBP cut-off of 10 mmHg in this group. At an SBP cut-off of 20 mmHg, the sensitivity and specificity were 82.2 and 80.0%, respectively. At a DBP cut-off of 10 mmHg, the sensitivity was 84.8% and the specificity was 94.4%. A second sensitivity analysis was performed in patient cohort with less severe BP drops (a SBP drop of <40 mmHg or a DBP drop <20 mmHg). This cohort comprised 563 (32%) patients. ROC curves for SBP and DBP remained significant in this subgroup, although the sit-to-stand test was less robust [SBP AUC ¼ 0.846 (95% confidence interval: 0.801-0.891), P < 0.001; DBP AUC ¼ 0.888 (95% confidence interval: 0.841-0.934), P < 0.001]. The Youden index was optimized for a SBP cut-off of 10 mmHg and a DBP cutoff of 5 mmHg in this group. At an SBP cut-off of 10 mmHg, the sensitivity and specificity were 77.1 and 80.1%, respectively. At a DBP cut-off of 5 mmHg, the sensitivity was 83.6% and the specificity was 81.8%.
DISCUSSION
In this study, we demonstrated that the sit-to-stand test appears to be a good alternative test to diagnose orthostatic hypotension, if lower BP drop thresholds are used. To our knowledge, this is the first study to identify an optimal cutpoint for diagnosing orthostatic hypotension using a sit-tostand procedure. The use of these novel criteria may make the assessment and diagnosis of orthostatic hypotension more accessible in varied clinical settings.
Diagnostic test characteristics
Other studies have shown that the sit-to-stand manoeuvre elicits a smaller BP drop in comparison to HUT and supine-tostanding [9] . Cooke et al. [9] reported that the sit-to-stand test has a sensitivity of 15.5%, a positive predictive value of 61.7% and a negative predictive value of 50.2% using conventional cut-offs for orthostatic hypotension of at least 20 mmHg SBP or at least 10 mmHg DBP with HUT used as the reference standard. These values are all much lower than the test characteristics we found in our group at the conventional SBP and DBP orthostatic hypotension cut-points (Table 3) .
Their study used a cohort of older adults being assessed for recurrent falls or orthostatic intolerance. In contrast, a large proportion of our patients had existing autonomic disorders, which may partially explain these differences.
Utility of sit-to-stand testing
We found that a threshold of 15 mmHg for SBP and 7 mmHg for DBP produced the optimal test characteristics as assessed with the Youden Statistic. However, the optimal cut-off to use for the sit-to-stand manoeuvre depends on the clinician's goal and may vary depending on how sick the population of interest is. If the sit-to-stand test is meant to serve as a sensitive screening test for orthostatic hypotension, then using a smaller required drop in BP as a cut-off criterion will have improved sensitivity and negative predictive value, yielding fewer false-negative results. The tradeoff is a high false-positive rate, with poorer specificity and poorer positive predictive value. In this context, sit-tostand testing can be useful for borderline cases in helping determine the need for further testing by head-up-tilt with beat-to-beat monitoring.
The ability to effectively assess orthostatic hypotension using a simple sit-to-stand manoeuvre serves an important practical purpose in the clinical environment. Dizziness, fainting and falls are common complaints presented to both specialists and general practitioners. The prevalence of orthostatic hypotension is estimated to range between 4 and 35%, and increases with age [10] [11] [12] . Patients may present with complaints potentially related to orthostatic hypotension in the outpatient clinic, the emergency department or even inpatient wards. In a cohort of patients evaluated in the emergency department, a finding of orthostatic hypotension increased the likelihood that patients were admitted to inpatient units [13] . Given that over 50% of cases of orthostatic hypotension are caused by acute events such as haemorrhage or dehydration [10] , patients with orthostatic hypotension may often represent a more seriously ill subset. This represents a key piece of clinical information for an emergency physician trying to decide whether to Sit-to-stand orthostatic hypotension
